Water samples from air conditioning cooling towers receiving different treatment protocols on five large municipal buildings in San Juan, P.R., were assayed for various Legionella spp. and serogroups by using direct immunofluorescence. Several water quality parameters were also measured for each sample. Guinea pigs were inoculated with water samples to confirm pathogenicity and recover viable organisms. LegioneUa pneumophila serogroups 1 to 6, L. bozemanii, L. micdadei, L. dumoffli, and L. gormanii were observed in at least one of the cooling towers. L. pneumophila was the most abundant species; its density reached 105 cells per ml, which is within the range that is considered potentially pathogenic to humans. A significantly higher density of L. pneumophila was observed in the cooling tower water that was not being treated with biocides.
Legionellosis accounts for almost 4% of all cases of atypical pneumonia (7) . The disease has been reported in many parts of the United States and Europe. Fliermans (3) has estimated that over 200,000 cases per year occur in the United States. Reports of legionellosis from the tropics were rare until 24 people who visited St. Croix, U.S. Virgin Islands, acquired legionellosis (11) . Legionella pneumophila serogroups 1 and 3 and several new species were isolated from the potable water system in the resort where these people had been vacationing (11) . Recently, studies in Puerto Rico have demonstrated that Legionella spp. are widely distributed in natural environments and may reach potentially pathogenic densities (10) . Ortiz-Roque and Hazen (10) also demonstrated, from autopsy analysis, that legionellosis in Puerto Rico has an overall mortality rate of 25% and that at least 52 cases should be diagnosed every year, yet only 4 retrospective cases have ever been reported. The present study was undertaken to determine the incidence, density, and pathogenicity of Legionella spp. in cooling towers for air-conditioning systems in buildings over 15 stories high in San Juan, P.R.
(This study was part of the M.S. thesis of A. NegronAlvira at the University of Puerto Rico, Rio Piedras, P.R., 1987.)
MATERIALS AND METHODS Sampling procedures. Samples for the detection of Legionella spp. were taken from the air-conditioning cooling systems of buildings over 15 stories high in the banking area in Hato Rey (San Juan), P.R. The cooling towers were examined for fecal coliforms, Legionella spp., the presence of algae in the tanks, the state of maintenance of the cooling units, and fill material. Samples for bacteriological analysis were collected by grab sampling and placed into sterile Whirl-Pak Bags (Nasco International, Fort Wilkinson, Wis.) or, if the water source was chlorinated, sodium thiosulfate bags (Nasco). Standard fixation and storage techniques were performed (1). Time from collection to analysis never exceeded 6 h.
Water quality. Conductivity, pH, temperature, and dissolved oxygen were measured in situ by using a Hydrolab surveyor (digital model 4041; Hydrolab Corp., Austin, Tex.). Akalinity and hardness were also measured in situ by standard methods (1) by using Spectrokits (Bausch & Lomb, Inc., Rochester, N.Y.). Other samples were collected, placed into Nalgene bottles, fixed, and transported to the laboratory for further analysis. These fixed samples were tested for nitrites plus nitrates, sulfates, phosphates, total phosphorus, and chlorophyll a trichromatic as recommended in Standard Methods for the Examination of Water and Wastewater (1) .
To obtain an index of biological contamination, fecal coliform densities were determined for every sample. Fecal coliform densities were determined by membrane filtration of triplicate samples, plating on m-FC medium, and incubation at 44.5 + 0.1°C for 24 h in a block-type incubator (1) .
Total bacteria cell counts were determined by acridine orange staining (AODC) as described by Singleton et al. (12) . At the same time, total bacterial activity was measured in terms of the ability of the cells to reduce INT to INTformazan during respiration by the method of Zimmermann et al. (14) . All methods used were described previously (10) .
Direct enumeration of Legionella spp. Ten liters of water was collected and placed into sterile polycarbonate containers at each sampling site, incubated with INT for 30 min (14) , fixed with Formalin, and transported on ice to the laboratory. These samples were centrifuged at 5,000 x g for 15 min at 4°C. The pellet and residual water were passed through a 0.2-,um-pore-size, 47-mm-diameter membrane filter (Nuclepore Corp., Pleasanton, Calif.). The filter was eluted by shaking it with sample water, and 10-,ul aliquots were placed into the eight wells of a toxoplasmosis slide (Cell Line Associates, Newfield, N.J.). The aliquots were fixed with Formalin, and the slide was subsequently stained with fluorescent antibody to L. pneumophila (serogroups 1 to 6), Five guinea pigs were used in each sampling. One guinea pig was used as a, positive control; it was inoculated directly with L. pneumophila (ATCC 33152). Another guinea pig was used as a negative control; it was inoculated with sample water filtered through a 0.2-,Lm-pore-size membrane filter. Before inoculation, the mean base-line temperature of each animal was established from five daily measurements. After inoculation, the temperature of each guinea pig was measured at a predetermined time each day for 7 days. A rise of 0.6°C over the base-line temperature for 2 consecutive days was considered a fever, and febrile animals were sacrificed immediately, as well as were any animals with other signs of illness (ruffled fur, watery eyes, prostration, and hypothermia). All guinea pigs were sacrificed at 7 days. The tissue homogenates were examined by fluorescent antibody assay and inoculated onto media as described below (2 five cooling towers. L. dumoffii and L. gormanii were found in four of the five cooling towers, whereas L. micdadei was found in only two cooling towers and L. bozemanii was found at only one site ( Table 2 ). The most abundant species was L. pneumophila (40.75%). L. pneumophila serogroups 1 and 3 were the most abundant serogroups found, accounting for 39.4 and 29.6%, respectively ( Table 3 ). The most abundant species found in the potable water system which was linked to an outbreak of legionellosis on the adjacent island of St. Croix was also L. pneumophila, serogroups 1 and 3 (11) . Natural waters of Puerto Rico were also shown to be dominated by serogroups 1 and 3 (10) , as were cisterns on the adjacent island of St. Thomas (T.C.H., unpublished data). This suggests that in the Caribbean and perhaps in other tropical areas L. pneumophila is the dominant Legionella sp. and that serogroups 1 and 3 are the dominant serotypes.
The pathogenicity of the Legionella spp. for each cooling tower was established through inoculation of guinea pigs and recovery of organisms from homogenized tissues of moribund animals. Although all animals that became ill after inoculation had isolatable Legionella spp. in their tissues, not all of them died ( Table 2 ). This could indicate that the Legionella strains present were less virulent. Guinea pig inoculation is still the most appropriate method for recovery of Legionella organisms. Isolation by using media is very difficult owing to high levels of contamination (9) . Indeed, in the present study Legionella spp. could not be isolated directly from cooling tower water by using media owing to overgrowth by yeasts; these results were similar to those obtained previously for natural waters in Puerto Rico (10) .
The cooling tower which was not being treated with antimicrobial compounds (site B) had the highest densities of Legionella spp. (Table 2 ). Biocidal treatment of sites A, C, D, and E helped to control Legionella spp. to some extent, even though the organisms in site C had a high level of activity (Table 2 ). Fliermans et al. (5) reported 5 to 36% respiration for Legionella spp. in water samples taken from freshwater lakes and ponds. In the present study, the percentage of respiration ranged from 10 to 35% for the total bacterial community and from 5 to 30% for L. pneumophila. At site B, where the highest cell densities of L. pneumophila were observed, the lowest percentage of respiring cells was observed; conversely, at site C, where the lowest cell densities were observed, the highest proportion of respiring cells was observed. The total bacterial population was also more active, as indicated by AODC, in the cooling towers which were receiving biocides ( Table 2 ). This suggests that biocides reduce the density of Legionella spp. and other bacteria in the cooling tower water but that the remaining population is more active since there is less competition and more resources. It remains to be seen whether a more active Legionella population is also more pathogenic.
It is interesting that densities of Legionella organisms in Puerto Rico cooling tower waters were quite high considering the low nutrient levels of the water and the fastidious nature of the organism. Although previous studies have shown relationships between Legionella spp. and protozoa and between Legionella spp. and cyanobacteria, such relationships were not observed in these cooling towers. However, densities of fecal coliforms and the activity of the total bacterial population (Table 1 ) may indicate poorer-quality source water and higher bacterial turnover rates than were previously reported for cooling towers (4). These conditions could also reduce the effectiveness of biocides in the cooling towers.
The presence of pathogenic Legionella spp. in air-conditioning cooling towers in the tropics at concentrations high enough to cause disease, especially in immunocompromised or elderly people, suggests that legionellosis may be underdiagnosed in the tropics. Considering the year-round use of these cooling towers and the large proportion of the population that may be exposed, monitoring and treatment of these systems are essential for prevention of legionellosis.
